By its heat and continuous motion, the lung further concocts the blood brought to it through the arterylike vein [pulmonary artery], and renders it foamier, such as that [blood] already is which reaches the lung through the veinlike artery [pulmonary vein] from the left ventricle of the heart, since it has already been elaborated in both ventricles of the heart. [Our italics] Vesalius, Fabrica, 1543, p. 596.
IN HOLDING that arterial blood passes from the left ventricle of the heart into the pulmonary veins for consumption by the lungs, Andreas Vesalius aligned himself with many of the Galenic commentators of the preceding ages, but probably unwittingly against Galen himself. Galen did teach that the lungs draw nutriment from both pulmonary vessels, but he thought that the arterial blood in the pulmonary veins is derived from the pulmonary arteries rather than from the left ventricle. In view of the intrinsic interest of this topic as well as its possible bearing on the discovery of the pulmonary transit, we thought that it might be worthwhile to consider the views of the later authorities on this matter in relation to Galen's original teachings, in an effort to understand the discrepancy between the two. There were, of course, numerous other points of unconscious disagreement between Galen and his later followers, and hopefully this study will serve as an illustration of the more general process by which Galen's rather complex doctrines were interpreted and simplified by the men of succeeding ages.
This difference over the source of the arterial blood in the pulmonary veins probably reflects a more general difference between Galen and many of the later Galenists concerning the source of arterial blood. In Galen's view the blood of the arteries could be derived from the veins through peripheral anastomoses, rather than from the left ventricle of the heart, and still be perfectly good arterial blood.' This was because the arteries selectively take up only the lightest portions of the venous blood, and it was this difference in consistency that above all distinguished the two kinds of blood. The later Galenists, by contrast, tended to think of arterial blood as a unique product of the left cardiac ventricle, just as venous blood is of the liver.2 Therefore they probably had a strong predisposition to think that the arterial blood 211 pulmonary veins must come from the left ventricle, though this misinterpretation was greatly facilitated by the complexity and ambiguity of Galen's discussion of this particular subject. It is with these more specific aspects of the problem that we shall be primarily concerned.
Because of its predominant influence over later writers, we shall largely confine our discussion to Galen's treatise On the usefulness of the parts especially books six and seven where he treated the heart and lungs, respectively.8 There are some discrepancies between this and other Galenic works concerning the pulmonary veins,4 but to our knowledge he did not refer elsewhere to a flow of blood from the left ventricle into these vessels. Like many other readers we have studied the De usu partium as a source of Galen's physiological teachings, but it is necessary to bear in mind that the work was primarily intended to be an exposition of teleological anatomy rather than of physiology. That is, the chief aim of the treatise was to demonstrate that every part of the body had been ideally constructed to fulfil its purposes, and Galen therefore discussed function only to the extent that it had a bearing on structure. Thus the main focus of his discussion of the pulmonary vessels was, Why have they been constructed as they were? rather than, What are their functions?
According to Galen, the function of the pulmonary artery is to convey nutritive blood from the right cardiac ventricle to the lungs.5 In recognition of its nutritive function but arterial structure, Galen accepted the traditional designation 'arterylike vein' for this vessel.
His views concerning the pulmonary veins, which he called the 'veinlike arteries' because of their venous structure but pneumatic functions, were considerably more complex, though they can be grouped under three main headings. First, the pulmonary veins serve as ventilating ducts through which the left cardiac ventricle inhales cool air and exhales heated air and smokey vapours, just as the lungs inhale and exhale through the trachea. The purpose of this ventilation is to sustain the innate heat, located primarily in the left ventricle. Second, the pulmonary veins convey from the lungs to the heart a certain amount of air which is perfected into pneuma and distributed through the arteries, just as the mesenteric veins convey chyle from the intestines to the liver, where it is perfected into blood and distributed through the veins.7 The left ventricle also supplies the arteries with blood which it derives from the right ventricle through minute pores in the intervening septum.8 The third point, the one with which we are primarily concerned, is that the pulmonary ' 
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The Chequered Career of Galen's Doctrine on the Pulmonary Veins veins contain arterial blood which is consumed by the lungs as a supplement to the blood brought by the pulmonary artery.9 Galen viewed this as part of a more general process whereby the arterial blood supplements the venous blood in the nutrition of the body, though there were certain peculiarities in the lungs reflecting their uniqueness among the parts of the body.
Galen began his discussion of the pulmonary vessels in the De usu partium with a favourite theme of his, namely that the right ventricle of the heart is a specialized structure for providing nutritive blood to the lungs and therefore does not exist in animals which do not have lungs.10 In such animals the single cardiac ventricle corresponds to the left ventricle of lunged animals. The right ventricle takes nutritive blood from the vena cava when it dilates, gives it an additional concoction, and expels it into the pulmonary artery when it contracts. Thus as Galen said there is a reciprocity between the heart and lungs in that the lungs supply air to the heart while the heart supplies nutritive blood to the lungs.11 He clearly meant that these exchanges take place through the pulmonary vein and pulmonary artery, respectively.
In justifying this arrangement for nourishing the lungs, Galen's problem was to show that it was better than simply having the vena cava extend a branch to the lungs as it does to all the other parts.'2 His strategy was to demonstrate that the nutritive vessel of the lungs, unlike the veins of the other parts, had to have thick tunics and have its mouth controlled by a one-way valve, and then to argue that a vessel with such tunics and such a valve could not simply arise from the thin-walled vena cava. Therefore the right ventricle was created as an intermediary, capable of giving rise to an arterylike vein and of providing firm support for a valve. As a corollary, Galen discussed the question of why the pneumatic vessels of the lungs (modem pulmonaryveins) had to have thin tunics,unlikethe arteries ofthe other parts ofthe body.
Galen said that before discussing the reasons for the reversal of the tunics of the pulmonary vessels, one must first know why it is that elsewhere veins have thin tunics and arteries thick ones.'3 This is because the blood of the veins is a 'thick and sluggish' substance which could not reach the parts in sufficient quantity if it were contained in thick-walled vessels, while the pneuma of the arteries is quite subtle and would escape too rapidly were it not restrained by the denser arterial tunics. In accounting for the reversal in the lungs, Galen explained that the basic function of the latter is to dilate and contract in response to the motions of the thorax in order to alternately fill their arteries with air and then empty them. Thus it was good for the arteriesl4 to have thin tunics in order to respond to this dilatation and contraction as quickly and fully as possible, but if the veins of the lungs were also to dilate and contract in response to this motion they would detract from the filling and emptying of the arteries. Therefore these veins (modern pulmonary arteries) had to have thick tunics in order to be as resistant as possible to dilatation and contraction.
But if all other veins are thin-walled to let sufficient blood reach the parts, then it J. J. Bylebyl and Walter Pagel might seem that the lungs would suffer from having to draw their blood from a thickwalled vein. Galen solved this difficulty by recalling his doctrine that the nutritive requirements of the parts of the body vary according to the density of their substances.15 Nature provided for these individual needs by having the arteries contain, in addition to pneuma, a certain amount of blood which is much lighter than the blood of the veins, so that each part can absorb the thicker venous blood and the thinner arterial blood in a proportion that suits its particular requirements. Most parts of the body are rather dense, and so it is appropriate that their veins have thin tunics and their arteries thick ones so that they receive a maximum of 'thick and muddy' venous blood and a minimum of light arterial blood. The lungs, however, have a lighter substance than any other parts of the body and could not be suitably nourished by ordinary venous blood. Thus it was all to the good that their veins have thick tunics, which retain the blood until it has reached the thinness of arterial blood through additional concoction, and can then be absorbed by the lungs. Furthermore, while the thickness of the venous tunics may limit the amount of nutritive blood that can reach the lungs, this is compensated for by the thinness of the walls of its arteries (modem pulmonary veins), which thereby supply the lungs with an unusual abundance of light spirituous blood. These are important points, namely that thin blood is contained in the veinlike arteries (modern pulmonary veins) and that its purpose is to be absorbed by the lungs as a supplement to the thicker blood in the arterylike veins (modem pulmonary arteries). The clear implication is that the blood of the former vessels, unlike that of the latter, has already reached a state of perfection and therefore does not need to be restrained by thick tunics from premature absorption by the lungs.
Several additional factors also compensate for the diminished availability of blood to the lungs resulting from the arterial character of their veins.16 First, the arterylike vein is proportionally a very large one, thus partially making up by its size what is lost through the thickness of its walls. Second, the great heat in the region of the lungs greatly speeds the elaboration of the blood, thereby enabling it to escape from its vessel more quickly than usual. Third, the active dilatation of the lungs gives them additional power to draw blood out of a thick-walled vessel. Finally, and most important, the blood sent into the lungs is not ordinary venous blood because 'the lung is the only part to which the heart sends blood which it has already perfectly elaborated and attenuated. ' From the context it seems clear that the latter statement, like the first three, refers to the blood sent into the pulmonary artery by the right ventricle. Yet there seems to be a conflict between the idea that this blood is 'already perfectly elaborated' as it leaves the heart and Galen's previous assertion that the blood of the pulmonary arteries requires additional elaboration in the lungs before it can be absorbed by the latter. The contradiction seems less serious if we bear in mind that it was relative to the nutritive blood of the other parts that Galen described the blood expelled by the right ventricle as perfectly elaborated, while it was relative to the nutritive requirements of the lungs, the lightest parts of the body, that he described the same blood 15 De usu partium, VI, x; pp. 298-300. See also VI, xvii; pp. 321-23. as still being too thick. Nevertheless, to a number of later men a more satisfactory way of resolving the contradiction was to suppose that this and other similar descriptions of a flow of perfectly concocted blood from the heart to the lungs referred to a flow of arterial blood from the left ventricle into the pulmonary veins.17
Thus Galen felt that he had established his first major point, namely that both the operation and nutrition of the lungs were better served by giving its vein the tunics of an artery. He then went on to try to show why the mouth of this vein had to be controlled by a one-way valve, which allows materials to enter the vessel from the heart but not to return.'8 His basic reason was that while the thick walls of the vessel help to prevent it from being compressed when the lungs contract, they cannot do so completely, so that if the pulmonary orifice were unprotected then each time the lungs contract some of the blood from the arterylike vein would be squeezed back into the right ventricle. This motion would be undesirable for three reasons. First, it is simply useless and inappropriate for blood to undergo a repeated flux and reflux between the right ventricle and lungs in this way. Second, by allowing the arterylike vein to yield to the pressure of pulmonary contraction, this reverse flow would detract from the degree of compression undergone by the arteries of the lungs at this time. Third, in the absence of the pulmonary valve the passage of blood from the fine ends of the arterylike veins (modern pulmonary arteries) into those of the veinlike arteries (modern pulmonary veins) would be inhibited.
It is this third point which is of particular interest to us. Galen prefaced his explanation of it by once again recalling one of his more general teachings about arteries and veins, namely that throughout the body they are joined by minute anastomoses through which the veins receive a certain amount of pneuma from the arteries and the arteries take up some blood from the veins.19 Similar connections exist between the vessels of the lungs, Galen said, but blood would not pass through them from the arterylike veins to the veinlike arteries were it not for the existence of the pulmonary valve. This is because materials escape from a compressed vessel more readily through a large opening than through small ones, so that if the way were open for blood to return to the right ventricle, then when the arterylike veins are compressed by the contraction of the lungs the blood would follow this path of escape in preference to passing through the minute connections with the veinlike arteries. As it is, however, the valve cuts off the return to the heart and so each time the arterylike veins are compressed there is no alternative but for a small amount of their blood to be squeezed into the fine ends of the veinlike arteries.
What is the purpose of this passage of blood from the arterylike veins to the veinlike arteries? Galen's only explicit statement is the following: 'Perhaps it is already clear to you what an excellent thing this is for the lung, if you remember what I have said J. J. Bylebyl and Walter Pagel about its nourishment, but in case you do not, I shall explain it after I have finished the whole subject now before us.'20
His meaning is not entirely clear, but it seems highly probable that he refers here to his view that the veinlike arteries contain arterial blood which is absorbed by the lungs as nutriment, an idea which he had explained shorty before and to which he did return in book seven of the De usu partium.21 Thus he seems to be telling us that the blood which the lungs take up from the veinlike arteries (modem pulmonary veins) is derived from the arterylike veins (modem pulmonary arteries) through the anastomoses between the vessels.
There might seem to be an inconsistency between Galen's belief that the blood of the veinlike arteries requires no further elaboration prior to being absorbed by the lungs and the idea that this blood is derived from that of the arterylike veins, which does require further elaboration. The conflict may not be a real one, however, for in his general discussion of the matter in the Natural faculties Galen made it clear that arteries do not draw blood through the anastomoses from the veins indiscriminately, but selectively, taking only the lightest portions of the venous blood.22 Thus we may suppose that it is only after being sufficiently attenuated in the arterylike veins that blood is squeezed through the minute anastomoses to the veinlike arteries. Once again, however, this resolution of the difficulty is by no means obvious, and some later men apparently reasoned that since the blood of the arterylike veins is relatively thick while that of the veinlike arteries is relatively thin, the latter must come from the left cardiac ventricle, which contains arterial blood.
Taken altogether, then, Galen's theory of the nutrition of the lungs would be the following: in dilatation, the right ventricle of the heart draws in blood from the vena cava which it elaborates by its heat, and in contraction it expels this blood into the arterylike vein (modem pulmonary artery). There the blood is further attenuated until it can pass through the thick tunics of the vessel and thus be absorbed by the lungs as nutriment. However, some of this blood is not taken up directly from the arterylike veins but is squeezed through the anastomoses to the veinlike arteries (modern pulmonary veins), from which it too is absorbed by the lungs. This scheme closely parallels Galen's description of the nutrition of the spleen in book four of the De usu partium: nutritive material reaches that organ through the splenic veins, from which one portion is taken up directly by the spleen, while another portion passes to the splenic arteries, from which it too is subsequently absorbed by the spleen. of whether his statements influenced the development of this idea by later men is, of course, quite a different matter, about which we shall have more to say below. Following his special treatment of the right ventricle and pulmonary vessels, Galen went on to a more comprehensive treatment of the heart, with emphasis on the importance of its four valves.25 He noted that three of the latter are composed of three membranes each, with the result that they are fairly efficient in preventing the regurgitation of materials which have passed through them, though a certain amount of leakage does occur. Only the mitral valve is composed of two membranes, however, and is therefore incompetent to a significant degree, 'because it was better that this one alone should give access to the lung for the fuliginous residues from the heart which necessarily accumulate there on account of the abundance of the innate heat and which therefore have no other, shorter outlet.' Thus in accordance with his view that the left ventricle ventilates itself by inhaling and exhaling through the pulmonary veins Galen made allowance for some reverse flow through the mitral orifice, though his failure to mention a flow of blood from the left ventricle into the pulmonary veins in this context casts further doubt on the idea that he himself envisioned such a flow.26
After discussing the heart in book six of the De usu partium Galen went on to treat the lungs in book seven, and here we find additional statements about the pulmonary veins. Once again, the chief function of these vessels is to convey air or pneuma from the lungs to the heart both for the sake of ventilation and for distribution through the arteries, and to convey fuliginous residues from the left ventricle to the lungs.27 Galen also insisted several times that the pulmonary veins contain spirituous blood which serves to nourish the lungs, stating at one point that the amount of this blood is 'not small' and at another that 'much' blood is absorbed by the lungs from these vessels.28
Galen's final discussion of the pulmonary vessels presents some difficulties of interpretation, in part because it is a summary of ideas set forth in his treatise On the motions of the thorax and lung which is no longer extant.29 Furthermore, it seems to conflict with his argument in book six that the pulmonary veins, unlike the pulmonary arteries, had to have thin tunics so that they could respond more easily to the motions of the lungs. For now in book seven Galen wished to show that neither the pulmonary arteries nor the pulmonary veins, but only the trachea and its branches, are affected by the motions of the lungs. The pulmonary arteries are completely motionless, while the motions of the pulmonary veins follow the rhythm of the heart, ' The influence of Galen's doctrine of pulmonary bloodflow on the development of modem concepts of circulation', Sudhoffs Arch. Gesch. Med., 1962, 44, 311-32. Siegel is able to cite only one place where Galen refers to a flow of blood from the pulmonary veins into the left ventricle (p. 312, referring to De usu partium VI, xxi; tr. May, p. 330), but it seems to us that Galen here refers to the foetal heart, not that of the adult, and that the blood in question enters the pulmonary veins (and left atrium) from the foramen ovale, not from the pulmonary arteries. See further discussion in W. Pagel To establish these points, Galen used a combination of theoretical argumentation and empirical demonstration. The lungs fill the entire capacity of the thorax and are passively dilated and contracted in response to its motions. The expansion of the thorax creates a vacuum which must be filled, and this could be accomplished by having all three vessels of the lung take in material and become distended. Thus when the lungs expand, external air would be drawn into the trachea, blood from the right cardiac ventricle into the pulmonary arteries, and a mixture of blood and air from the left ventricle into the pulmonary veins.
In fact, however, the latter two events are prevented from happening by two principles which control the suction of a vacuum: light material responds more readily than heavy, and material is drawn more easily through a larger opening than through a smaller one. The trachea has the largest orifice of all three vessels, and the material to which it has access, namely air, is lighter than that available to the other two vessels. Therefore when the lungs expand air will first be drawn into the trachea, and only when the latter vessel has reached its maximum distension will the mixture of air and blood be drawn into the pulmonary veins and blood into the pulmonary arteries. This means that the lungs would have to continue expanding after the trachea has been filled to capacity, but if the lungs of a dead animal are inflated through the trachea it can clearly be seen that the maximum distension of the lungs is coterminal with that of the trachea. Therefore the only result of the expansion and contraction of the thorax is the alternate filling and emptying of the trachea and its branches. The pulmonary arteries remain motionless, while the pulmonary veins dilate and contract in response to the motions of the left cardiac ventricle, not those of the lungs.
This passage is of some interest for the present discussion because in describing what would happen if the motions of the pulmonary veins were controlled by the lungs, Galen did say that blood would be drawn into these vessels from the left ventricle. Only when one reads the following discussion with some care does it become clear that he had presented this mechanism only to refute it. Thus it is possible that this statement influenced the widespread belief of later followers of Galen that blood does enter the pulmonary veins from the left ventricle. We have, however, found no evidence of such influence prior to the sixteenth century, long after the idea had become well established in the Galenic tradition on other grounds.
From late antiquity until the seventeenth century, most discussions of the heart and lungs by Byzantine, Arabic, and European writers were largely based, directly or indirectly, on Galen's De usu partium. Understandably, however, the preparation of these accounts generally involved considerable selection and condensation of Galen's rather lengthy arguments, and in particular his long and nuanced discussion of the two pulmonary vessels was commonly reduced to a few aphoristic statements. With respect to their views on the blood in the pulmonary veins, we may divide these later writers into three main groups: (1) those who made no reference at all to this blood; (2) those who did refer to this blood but did not indicate its source; (3) those who said that this blood comes from the left cardiac ventricle. Prior to the formulation of the concept of the pulmonary transit (among the Arabs by Ibn al-Nafis and among 218 The Chequered Career of Galen's Doctrine on the Pulmonary Veins Europeans by Servetus and Colombo), we know of no author who said that blood enters the pulmonary veins from the pulmonary arteries, and have found only three brief allusions of any kind (by Avicenna, Jean de St. Amand, and Fernel) to the doctrine of the pulmonary anastomoses.3" As was noted above, the assumption that the left ventricle is the chief source of arterial blood was probably an important reason for thinking that it is the source of the blood in the veinlike arteries (modern pulmonary veins) as well, although it was not until the later sixteenth century, in response to the discovery of the pulmonary circuit, that this argument was used explicitly. We have also called attention to a number of ambiguities within Galen's own discussion of the pulmonary vessels which lent further support to this view. The result was that once the idea that blood enters the pulmonary veins from the left ventricle was established, it endured in large measure because it seemed consistent with Galen's own doctrines rather than because later men simply failed to re-read what Galen himself had to say. Indeed, as we shall see, successive authorities actually embellished the idea with Galen's own words, especially by transferring statements which he made about the flow of blood from the right ventricle into the pulmonary artery, to the supposed flow of blood from the left ventricle into the pulmonary veins.
It is with Oribasius (326-403) that we find the first possible indication that the blood of the pulmonary veins comes from the left ventricle. Oribasius taught that the lungs ventilate the heat of the heart, providing cool air and removing smokey fumes, and also that they supply pneuma to the heart for distribution through the arteries, though he did not specify that these operations take place through the pulmonary veins.31 Instead, in his discussion of the two pulmonary vessels Oribasius focussed exclusively on their complementary roles in supplying two different kinds of nutritive blood to the lungs.32 The thicker blood of the pulmonary arteries comes from the right ventricle, but Oribasius did not clearly indicate the source of the thinner blood in the pulmonary veins. However, the derivation of this blood from the left ventricle can perhaps be inferred from the following passage:
In other parts of the body the tunics of the vessel[s] supplying blood [i.e., the veins] are light and thin, and so they readily supply a large amount of thick [blood] to the surrounding parts. But since [the tunics of the blood vessels] are thick in the lung, they allow only the light portion [of the blood] to escape. In other parts of the body the arteries were made thick and dense, and allow the surrounding parts to draw very little vaporous blood. To the lung alone do they release a large amount of such blood, which they are unable to retain because of their light substance. Thus as far as the nutrition of the lung is concerned, it is just the opposite of all the other parts ofthe animal, just as is the nature ofits flesh. To ensure the abundance ofsuch nutriment, it is sent to the lung from the heart, after the blood has been perfectly elaborated and attenuated in the latter organ."" Except for the italicized clause, this entire passage was taken verbatim from the De usu partium.Y In the original, however, the last sentence is separated from the rest of the passage by several 219 that it refers to blood sent into the pulmonary artery by the right ventricle. As given by Oribasius it may in part apply to this blood, but because of the causal nexus which he added it seems to apply primarily to the blood of the pulmonary veins: the latter vessels, unlike the pulmonary arteries, supply a great deal of thin blood to the lungs, and in order to ensure the abundance ofsuch blood, it is sent into the lungs by the heart. Oribasius himself may not have intended to imply that this blood comes from the left ventricle, but this might readily be inferred by someone who read this passage with no knowledge of Galen's view that this blood might reach the pulmonary veins indirectly from the right ventricle, via the pulmonary artery.
The Byzantine physician Theophilus Protospatarius (seventh century) said that the lung ventilates the heart by supplying cool air and removing fumes, again without making clear what role the pulmonary veins play in this process.u But in Theophilus we find nothing at all about the reasons for the reversal of the tunics of the pulmonary vessels, the nutritive role of the pulmonary veins, or even the presence of blood in the latter vessels. Instead, we are simply told that the right ventricle supplies nutritive blood to the lungs through the pulmonary artery, while the lungs supply pneuma to the left ventricle and arteries through the pulmonary veins.36
The treatment of the pulmonary veins by Rhazes (c. 841-926) is similar to that of Theophilus except that there is not even a general reference to the elimination of smokey wastes by the lungs." The pulmonary artery conveys blood from the right ventricle of the heart to the lungs, while the pulmonary veins simply bring air from the lungs to the left ventricle.
In the Liber regius of Haly Abbas (d. 994) we find a more detailed discussion of the pulmonary veins, with due weight given to all three aspects of Galen's teachings about these vessels, namely that they ventilate the heart, supply air for distribution through the arteries, and supply an abundance of light arterial blood to the lungs.38
But in discussing the latter point, Haly Abbas stated explicitly, apparently for the first time, that this blood comes from the left ventricle. In part, this conclusion was perhaps motivated by his belief that in general the arteries 'contain blood sent by the heart [i.e., the left ventricle]',39 and this probably predisposed him to think that the blood ofthe veinlike arteries (modem pulmonary veins) is derived from the same source.
In addition, Haly Abbas made a significant simplification in Galen's ideas about the blood in the pulmonary artery. Galen had said that the blood in most of the veins throughout the body is 'thick and muddy' and that the vein of the lung was given the tunics of an artery to permit only the thinnest portion of its blood to escape, but he probably would have thought it inappropriate to call the blood of this arterylike vein 'thick and muddy' since it has already undergone considerable elaboration in the right ventricle.40 Haly Abbas, however, stated simply that the arterylike vein contains 'thick and muddy' blood, while the veinlike artery contains subtle blood and pneuma." STheophilus Protospatarius, De 
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The Chequered Career of Galen's Doctrine on the Pulmonary Veins Furthermore, he was the first of the writers under consideration to pay attention to Galen's teachings about the passage of blood from the right ventricle to the left through the cardiac septum, in particular to the idea that it is only the thinnest portion of the blood in the right ventricle that finds its way to the left.42 Thus the left ventricle contains thin blood, in contrast to the arterylike vein which contains 'thick and muddy' blood, and it is not difficult to see why it would have made more sense to Haly Abbas to suppose that the subtle blood of the veinlike artery comes from the former rather than the latter.43 As he summarized the situation, the veinlike artery 'is the vessel by which air passes from the lung to the heart, and blood from the heart to the lung'." It was probably from Haly Abbas that this idea entered the mainstream of the Galenic tradition.
Avicenna (980?-1037) likewise gave due recognition to all three functions which Galen attributed to the pulmonary veins, and he also shared the belief that the blood in these vessels comes from the left ventricle.4" He stated that the veinlike artery arises from the left ventricle and branches through the lung, in order to take up air and convey from the heart to the lung the blood which nourishes the lung, since the nourishment of the lung passes through the heart, and from the heart arrives at the lung ... [the veinlike artery] has been formed with a single tunic ... so that there can pass more easily into the lung the subtle and vaporous blood which is suitable for the substance of the lung, and which has attained perfect maturity in the heart, having no need for further perfection, as does the blood contained in the vena cava."' These statements clearly echo similar ones made by Galen about the role of the heart in preparing nutriment for the lungs, but which Galen meant to apply to the right ventricle and pulmonary artery.47 Now Avicenna seems to think that the main pathway by which blood reaches the lungs is from the right ventricle through the cardiac septum to the left ventricle, and into the pulmonary veins. He did, however, note that the pulmonary artery also supplies nutritive blood to the lungs, and said that this vessel had to have thick tunics because the blood which it receives from the right ventricle is not yet as perfect as that supplied to the pulmonary veins by the heart (i.e., the left ventricle).48
Avicenna also added a further twist. In describing the mitral valve, he stated that 'the veinlike artery has two membranes which face inward. It has only two since it is not necessary for this orifice to close perfectly, as it is [for the aortic orifice]. On the contrary, here there is need of a lax closing so that the fuliginous vapour and the blood whichflows to the lung can be expelled easily' [our italics].49 Thus Galen's original statement that the mitral valve closes imperfectly to let the fumes escape has been amended to make allowance for the passage of blood from the left ventricle into the pulmonary veins as well.
Although Avicenna was quite clear concerning the origin of the blood in the pul- 221 monary veins from the left ventricle, he did make an additional statement about the vessels of the lungs that is of some interest:
As far as the ramification of the vessels and of the trachea in the lung is concerned, the trachea and the veinlike artery [modem pulmonary vein) are connected in order to complete the action of respiration [i.e., to bring air from the lungs to the heart), while the veinlike artery and arterylike vein are connected in order to nourish the lung with the pure and elaborated blood which comes from the heart.60
There is no further explanation of the last statement, and by itself it makes little sense. But when it is considered in the light of the De usu partium it seems clear that it is a reference to the Galenic pulmonary anastomoses. It is interesting to note that this clause did not appear in the standard Latin translation of the Canon by Gerard of Cremona, though it was restored in the revised translation by Andrea Alpago published in 1527.51
Unlike Haly Abbas and Avicenna, Averroes (1126-1198) did not clearly specify the source of the blood in the pulmonary veins, though he seems to imply that it comes from the left ventricle. The artery extending from the left ventricle to the lungs has only one tunic, he explained, so that it would be soft and lax for dilatation and contraction, for the attraction of air and the expulsion of smoky fumes. But it is larger [than other arteries] so that it can supply to the lungs blood which is subtle, vaporous, and close to perfection in digestion, because it is the heart which nourishes the lungs.52
Once again we can discern a transfer of elements from Galen's description of the pulmonary artery to the pulmonary veins, since according to Galen it is the former vessel which is unusually large and conveys elaborated blood from the heart to the lungs.53
Before concluding this discussion of the Arabic physicians, we should note that it was an Arab of the thirteenth century, Ibn al-Nafis, who first conceived of the pulmonary transit as a pathway from the right ventricle to the left, in place of the Galenic pores through the septum. In presenting this idea Ibn al-Nafis assumed the existence of connections between the two pulmonary vessels, and it seems likely that he derived this idea from Galen, either directly from the De usu partium, or indirectly from the brief reference in the Canon of Avicenna." There is, however, still no evidence that his idea became known in Europe and therefore we shall assume that its rediscovery during the sixteenth century was independent.
The medieval Latin physicians derived their knowledge of Galenic anatomy and physiology largely from the Arabic authorities rather than directly from Galen, and a number of them followed the Arabs in assuming that the blood of the pulmonary 60 
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The Chequered Career of Galen's Doctrine on the Pulmonary Veins veins comes from the left ventricle. The idea that this blood comes from the pulmonary arteries was, however, potentially available during the middle ages. The complete De usu partium was not generally available in Latin until the early sixteenth century (though it had been translated two centuries earlier), but from at least the thirteenth century a condensed version known as De juvamentis membrorum was widely circulated.55 This version is quite corrupt in many respects, but it does refer to 'vias strictas' through which blood is squeezed from veins to arteries during the contraction of the thorax, though it is not entirely clear in this account that the vessels involved are specifically those of the lungs.56 Jean de St. Amand (thirteenth century) repeated this statement from the De juvamentis but gave no indication at all that the vessels in question are those of the lungs.57 Otherwise this passage seems to have been ignored during the middle ages. Perhaps this was partly because the Dejuvamentis was counterbalanced by another treatise, De anatomia vivorum, attributed to Galen but recognized as spurious by the early sixteenth century, where it is stated that the pulmonary veins carry air from the lungs to the left ventricle and nutritive blood from the left ventricle to the lungs.58
For most medieval Latin authors, however, the Canon of Avicenna was probably the main source of the idea that arterial blood enters the pulmonary veins from the left ventricle. Albertus Magnus (1 193 ?-1280) clearly followed Avicenna on this point, as in most of his discussion of the heart.59 Pietro d'Abano (c. 1250-1315) referred to the De juvamentis membrorum as the source of the idea that the pulmonary veins supply the lungs with subtle blood, but cited Avicenna in support of the derivation of this blood from the left ventricle.60 Pietro's contemporary Henri de Mondeville may also have taken the latter idea from Avicenna, but he thought that there was justification for it in the De juvamentis itself. He stated that the pulmonary veins bring blood from the heart for the nutrition of the lungs, 'as Galen said in book six, chapter two of the De juvamentis membrorum: "We find that the heart is so indebted to the lung on account of the benefit of the air which it receives from it that it gives to [the lung] for its nutrition some of the same blood by which it is nourished".'61 Galen himself did make a similar statement in the original De usu partium, but it seems fairly clear in both versions that it refers to the supply of blood to the lungs through J. J. Bylebyl and Walter Pagel the pulmonary artery, in exchange for the air supplied to the heart through the pulmonary veins.62
Mondino da Luzzi (c. 1275-1326) and Guy de Chauliac (c. 1300-c. 1368) went to the opposite extreme of completely ignoring the nutritive function of the pulmonary veins. According to both men, the pulmonary artery supplies nutritive blood to the lungs, while the pulmonary veins supply air to the left ventricle and remove smokey fumes. 68 In view of the influence of Mondino's Anatomia and Guy's Chirurgia during the next few centuries, their failure to make any reference at all to the presence of blood in the pulmonary veins was of some significance.
In the early sixteenth century Gabriele Zerbi (1445-1505) criticized Mondino for having failed to mention the flow of arterial blood from the left ventricle into the pulmonary veins.64 In his Commentary on Mondino Berengario da Carpi (c. 1460 c. 1530) likewise referred to the latter idea,66 though in his Isagoge he added a new element to the discussion of the purpose of this blood. Previous discussions bad generally centred on Galen's teaching that this blood serves the nutrition of the lungs, but in the later Galenic system the main purpose of arterial blood generally was not to serve as nutriment, but to sustain life. Thus Berengario brought the veinlike artery into conformity with the rest of the arterial system when he said that the main purpose of the blood in this vessel is not to nourish the lungs, as is commonly thought, but to vivify them.66 Nicolo Massa (1485-1569) held to the older view, for he stated that while most of the arterial blood of the left ventricle is converted into spirit, the pulmonary veins take up from the left ventricle 'the thicker part of the subtle blood which is not converted into spirit, for the nutrition of the lungs'.67
Beginning in the 1520s, humanist physicians made a concerted effort to purge Galenic anatomy and physiology of Arabist corruptions by relying only on Galen's original writings. This resulted in some improvement in the understanding of Galen's doctrines, including the recognition that Galen's descriptions of a flow of elaborated blood from the heart to the lungs referred to the blood expelled into the pulmonary artery by the right ventricle. However, Galen's description of a passage of blood from the pulmonary arteries to the pulmonary veins continued to be ignored. The only partial break in this silence about the pulmonary anastomoses during the first half
